AgOTf-catalyzed amino-cyclization of 2-(1-alkynyl)-2-alken-1-als or 2-(1-alkynyl)-2-alken-1-ones is presented, providing an efficient method for synthesis of 1,2,4-trisubstituted pyrroles or 2,3,5-trisubstituted furans with an arylamino-group function respectively under mild conditions in moderate yields.
Introduction
Pyrroles and furans, two classes of the most important heterocyclic compounds, are not only important building blocks in the synthesis of natural products but also key structural units in compounds with interesting biological activities. 1, 2 Recently it was also found that pyrroles have broad application in the field of materials chemistry and as structural elements in molecular recognition studies. 3 As a result, development of new and efficient methodologies for the synthesis of pyrroles and furans with different substituent groups from simple, readily available starting materials remains an important research theme in organic chemistry though many strategies already existed. 4, 5 Recently, an interesting Au(III), Cu(I) or Pt(II) catalyzed alkoxycyclization of 2-(1-alkynyl)-2-alken-1-ones leading to substituted furans with a remote C-O bond has been described (Scheme 1). 6 In the reaction, alcohol as the nucleophile assists the The reaction was carried out using 1a (0.258 mmol), 2a (2.2 equiv) and catalyst (5 mol %) at room temperature in solvent (2 mL). b Yields were determined by 1 H NMR spectroscopy using CH2Br2 as an internal standard; 9 yields of isolated product are shown in parentheses. c 10 mol % L-proline was added.
AgOTf-Catalyzed cyclization of 2-(1-alkynyl)-2-alken-1-ones 1 with amines (2)
However, when (E)-3-phenylethynyl-4-phenylbut-3-en-2-one 1d was used as the substrate under the above reaction conditions, we only observed that the reaction proceeded to afford furan 4a. 11 Further screening demonstrated that THF as the solvent and elevated reaction temperature with 1.2 equivalent amine were more suitable conditions for the reaction and the yield of 4a could be improved up to 85%. Using the optimal reaction conditions, we then carried out the reactions with various 2-(1-alkynyl)-2-alken-1-ones 1 and amines 2, and the results are listed in Table 3 . Acyclic enynone 1d-1f and cyclic enynone 1g were also effective for this reaction when arylamines was used as the nucleophiles, and the corresponding furans incorporating an arylamino-group function 4 were obtained in moderate yields (Table 3 , entries 1-5, 7-9). However, when aliphatic amine was used as nucleophile, only a trace amount of the product 4f was formed (Table 3 , entry 6). 
Plausible reaction mechanism
On the basis of the above results and previous investigations on the Au(III) or Cu(I) catalyzed alkoxy-cyclization of 2-(1-alkynyl)-2-alken-1-ones, 6 a plausible mechanism for the AgOTfcatalyzed cyclization of enynals or enynones with amines is outlined in Scheme 2. When the reaction substrate has an aldehyde group (R 1 = H), an initial condensation reaction with arylamine affords the imine intermediate A. Subsequent coordination of the alkynyl moiety of the substrate to AgOTf induces a cyclization of the oxygen or nitrogen onto the triple bond to afford C or F, then elimination of a proton and protonation of the resulting organosilver intermediate to afford pyrrole 3 or furan 4 and simultaneously regenerate the catalyst AgOTf.
Conclusions
In summary, we have developed an efficient method for 1,2,4-trisubstituted pyrroles or 2,3,5-trisubstitued furans with an arylamino-group respectively in moderate to good yields under mild conditions. Theses pyrroles and furans compounds bearing arylamino functional groups may be converted to other interesting and useful structural units in organic synthesis. Further studies into the scope and synthetic applications of this transformation are being carried out in our laboratory.
Experimental Section
General. All 1 H-and 13 C-NMR spectra were measured in CDCl3 and recorded on Bruker Avance III 500 MHz (125 MHz) spectrometer spectra with TMS as the internal standard. Chemical shifts are expressed in ppm and J values are given in Hz. IR spectra were run on a Thermo Nicolet 6700 spectrometer. EIMS were determined with a Thermo ITQ 1100 mass spectrometer. HRMS were performed on a Waters GCT Premier instrument. Melting points were measured using CRC-1 melting point instrument and are uncorrected. Solvents were obtained from commercial sources and used as received. Enynones and enynals were prepared as previously described.
6
General procedure for the synthesis of (3) To a solution of (E)-2-phenylethynyl-3-phenylpropen-1-al 1a (60 mg, 0.259 mmol) and phenylamine 2a (52.9 mg, 0.569 mmol) in 2 mL of CH2Cl2 was added AgOTf (3.3 mg, 0.0129 mmol). The resulting mixture was stirred at room temperature for 0.5h. Then the reaction mixture was quenched with 10 mL of H2O and extracted with Et2O (15 mL × 3). The combined organic layers were dried over anhydrous Na2SO4. After filtration and removal of the solvent in vacuo, the residues were purified with flash chromatography (silica/ petroleum ether-ethyl acetate 40:1 to 3:1 v/v) to afford 3. 
1,2-Diphenyl-4-[(phenylamino)(phenyl)methyl]pyrrole (3a

1-(4-Methoxylphenyl)-2-phenyl-4-[(4-methoxylphenylamino)(phenyl)methyl]pyrrole (3g).
Oil. 1 General procedure for the synthesis of (4) To a solution of (E)-3-phenylethynyl-4-phenylbut-3-en-2-one 1d (60 mg, 0.244 mmol) and phenylamine 2a (27.2 mg, 0.293 mmol) in 2 mL of THF was added AgOTf (3.1 mg, 0.0122 mmol). The resulting mixture was stirred at 70°C for 1h. Then the reaction mixture was quenched with 10 mL of H2O and extracted with Et2O (15 mL×3). The combined organic layers were dried over anhydrous Na2SO4. After filtration and removal of the solvent in vacuo, the residues were purified with flash chromatography (silica/ petroleum ether-ethyl acetate 30:1 v/v) to afford 4. 
2-Methyl-3-[(phenylamino)(phenyl)methyl]-5-phenylfuran (4a)
.
2-Methyl-3-[(4-chlorophenylamino)(phenyl)methyl]-5-phenylfuran (4b
